Most routine testing for plant viruses is currently carried out using monoclonal and polyclonal antibodies. Traditional methods of antibody production however can be time consuming and require the use of expensive cell culture facilities. Recombinant antibody technology however is starting to make an impact in this area, enabling the selection of antibody fragments in a few weeks compared with the many months associated with traditional methods and requires only basic microbiological facilities. Single chain Fv antibody fragments (scFv) have been selected from a synthetic phage-antibody library by affinity selection with purified Potato virus Y, ordinary strain (PVY O ). The scFv selected was specific for PVY and detected 7 out of 9 isolates of PVY O whilst it did not detect 15 isolates from the closely related necrotic strains PVY N and PVY NTN . In ELISA the scFv could be used to detect virus at concentrations of 50 ng/ml in plant sap and was shown to have similar limits of detection as commercially available PVY monoclonal antibodies. These results highlight the potential of the technology for the selection of strain specific antibodies with an affinity and assay sensitivity similar to traditional monoclonal antibodies and their use in viral diagnostics.
Introduction
PVY is the most economically important virus infecting potato; in conjunction with Potato leaf roll virus and Potato virus X it is responsible for crop losses in potato amounting to £30-50 million per year [3] . The most important method of control for PVY is the planting of healthy seed potatoes, which is monitored by * Corresponding author.
visual inspection and testing for the presence or absence of PVY by ELISA, following the growing of tubers [5] . The object of the work was to investigate the use of phage displayed antibody technology to obtain single chain Fv antibody fragments (scFv) which detect PVY O but not PVY N .
Materials and methods
The library used was a single chain variable fragment (scFv) phage library, obtained from the MRC, Cambridge (The Griffin Library [1] ). This library contains a large synthetic repertoire of 1.2 × 10 9 clones (Fig. 1) . Single chain fragments were selected following 3 rounds of selection against immobilised purified virus, following protocols supplied by the MRC.
Results
Following screening, scFv were selected which were specific for PVY and could be used in ELISA (using readily available antibodies) to detect as little as 5 ng of purified virus in plant sap (Fig. 2) .
The scFv was shown to be specific for the coat protein by western blotting (Fig. 3) and can detect 7 out of 9 isolates of PVY O whilst being unable to detect 15 isolates of PVY N by ELISA.
Discussion
Using phage display technology it should be possible to select antibody fragments that detect virtually any antigen [4] . Indeed a number of such reagents have been selected for the plant viral antigens CMV and PLRV [2, 6] . An important consideration in viral diagnostics is not simply the detection of the virus, but also its differentiation from closely related strains of the We have shown it is possible to select antibody fragments, which show a similar limit of detection in ELISA to that of monoclonal antibodies, directly from large phage displayed libraries without the need for postselection modification. We have also shown that it is possible to select for fragments that show strain differentiation. This work has demonstrated that by using a library with a large synthetic repertoire it is possible to select for fragments which have similar assay sensitivity to that of monoclonal antibodies, and also that it is possible to select for fragments exhibiting strain specificity, an important consideration in viral diagnostics. The fragments generated can be easily incorporated into ELISA systems without any further cloning steps. 
